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ABSTRACT 
Studies were made to determine the effects of hexachlorophene on aerobic bacteria of 
normal human skin. A test group of adults exposed their toe webs to the exaggerated use of a 
detergent containing 3% hexachlorophene. A control group followed the same regimen 
with a similar detergent containing no hexachlorophene. 
A membrane filter culture technique was used to make semiquantitative and qualitative 
estimations of the skin bacteria present before and after detergent usage. Both groups of 
subjects had a significant decline in numbers of cutaneous diphtheroids upon detergent 
usage. The test subjects showed significantly decreased densitites of staphylococci 
accompanied by significantly increased numbers of Gram-negative bacilli, a trend not 
observed among the control subjects. When coagulase-negative staphylococci were inhib-
ited, there resulted an emergence of the Enterobacter-Klebsiella and Pseudomonas 
groups of Gram-negative bacilli on a moist skin area of adults. 
It has long been observed that when the ecologi-
cal balance of autochthonous bacterial flora is 
disturbed, the human body is often more readily 
able to support the growth of opportunistic mi-
croorganisms which sometimes cause disease. 
Hexachlorophene, if used continuously, selec-
tively inhibits resident Gram-positive bacteria on 
skin [1-4] thereby creating an environment favor-
able for possible colonization by potential patho-
gens. Studies have shown that infants bathed 
frequently with soaps and detergents containing 
hexachlorophene developed fewer infections due 
to staphylococci but had a higher incidence of 
infections due to Gram-negative bacilli [5, 6]. 
Other investigations have indicated that overuse 
of antibacterial soaps may result in increased 
colonization of toe webs by Gram-negative bacilli 
[7, 8] . The present investigation was undertaken 
on adults to determine whether exaggerated hexa-
chlorophene usage encourages the emergence of 
Gram-negative bacilli on moist skin areas in these 
subjects. Aerobic bacterial interactions occurring 
on the skin were also partially elucidated. 
MATERIALS AND METHODS 
Study design. Fifteen adult male subjects exposed 
their feet , with emphasis on the toe web area, to an 
exaggerated usage of liquid detergent (pHisoHex) "' con-
taining 3 % hexachlorophene. An additional 15 adult 
male subjects exposed their feet to a control detergent 
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(pHisoderm)® similar in formulation to the test deter-
gent but containing no hexachlorophene. Both groups 
followed the same regimen. Exposure to detergent was 
supervised twice daily, except on weekends, for a 
period of 14 days. Five ml of detergent were applied to 
a disposable washcloth and each foot was washed around 
and between the toe webs for 90 seconds. After rinsing 
with tap water for 15 seconds, the feet were dried with a 
disposable towel and 0.5 ml of detergent per foot was 
applied as a lotion between the toe webs. Subjects were 
instructed to apply approximately 0.5 ml of liquid 
detergent as a lotion between the toe webs at home 
whenever they bathed or showered. Antibacterial soaps 
were supplied to those subjects on the hexachlorophene 
regimen for bathing. Subjects using the control deter-
gent were supplied with unmedicated soap for home use. 
All subjects were supplied with unmedicated shampoos 
to avoid possible bacterial alterations arising from the 
use of medicated shampoos. 
Sampling methods. Samples for bacterial estimations 
were taken on the first day, prior to exposure to 
detergent, and after the seventh and fourteenth day of 
detergent usage. Each foot was sampled separately. The 
skin surface around the toe web area was cleansed with 
sterile gauze moistened with sterile saline . Using a 
sterile disposable toothbrush , the toe area was scrubbed 
for 2 min in 59 ml of sterile sampling fluid . The sampling 
fluid , described by Williamson and Kligman (9] , con-
sisted of Triton X-100 at a final concentration ofO.!% in 
0.075 M phosphate buffer, pH 7 .9. 
207 
Enumeration techniques. Studies were limited to 
aerobic bacteria . For total viable counts, I ml of each 
wash fluid sample was serially diluted in tenfold incre-
ments (lo-• through 10-') in sterile 0.1 % peptone 
water (Bacto-Peptone, Difco). One-ml aliquots were 
removed from the dilutions, added to 5 ml peptone 
water , and passed through sterile , grid-ruled membrane 
filters of 0.45-~< pore size (Millipore Corp .). The filters 
and filter apparatus were rinsed with 10 ml peptone 
water following filtrat.ion of each aliquot. All tests were 
performed in duplicate. Filters were transferred to Petri 
dishes containing pads saturated with a medium com-
posed of double-strength Trypticase soy broth (BBL), 10 
% horse serum as an inactivator for residuaf hexachloro-
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phene, and 1 % polysorbate (Tween 80) as an oleate 
source for lipophilic diphtheroids [10, 11]. 
For Gram-negative bacterial counts, aliquots of 1, 5, 
10, and 15 ml were removed from the wash fluid samples 
and passed through membrane filters. In addition, 
initial samples were diluted in order to obtain accurate 
counts of Gram-negative bacilli from all samples. Subse-
quently such dilutions were made only when indicated . 
The filters and filter apparatus were rinsed with 30 ml of 
sterile peptone water following each filtration . Filters 
from the 10- and 15-ml aliquots were transferred to Petri 
dishes containing pads saturated with the Trypticase 
soy broth-horse serum-Tween 80 medium with added 
penicillin, 15 units per ml (Penicillin G, Eli Lilly), and 
lincomycin, 10 p.g per ml (Lincocin, Upjohn) in final 
concentration. To insure that Gram-negative bacilli 
were isolated from all possible samples without occa-
sional overgrowth of antibiotic-resistant Gram-positive 
organisms, filters from the 1-ml, 5-ml and diluted 
aliquots were placed on MacConkey agar (BBL). 
All plates were incubated at 37° C. Filters on Mac-
Conkey agar were checked for growth after 18 hours and, 
if positive, colonies were counted under a dissecting 
microscope. If negative, they were reincubated for the 
balance of the incubation period. At the end of 48 hours, 
all plates were removed from the incubator and colonies 
present were counted under a dissecting microscope. 
Results were expressed as the number of viable bacteria 
per milliliter of wash fluid. Differential counts were 
made according to colony types and the number of each 
was determined. Counts of aerobic sporeformers were 
not attempted because spreading growth of many of 
these organisms prevented accurate counts from being 
obtained. 
Identification of bacteria. Representative colony 
types were picked from the total viable count filters and 
plated to 5 % sheep blood agar plates (Tryptose Blood 
Agar Base, Difco). Identification of Gram-positive 
organisms was made on the basis of Gram stain, colonial 
and cellular morphology, catalase production, and blood 
hemolysis. Representative colonies of staphylococci were 
tested for coagulase production in rabbit coagulase 
plasma (BBL) by the tube method. Corynebacteria were 
grouped together as diptheroids. 
From the Gram-negative count filters, representative 
colony types were picked and plated to MacConkey agar 
for isolation . Gram-negative bacilli were confirmed by 
Gram stain and were identified as to genera in accord-
ance with standard references [12-14]. 
Qualitative and semiquantitative estimations of bac-
teria were made on wash samples from each foot and 
individual bacterial counts were plotted logarithmically. 
Since some counts were nil, one bacterium per milliliter 
was added arithmetically to each count so that loga-
rithms could be obtained for all values. 
Statistical methods. To test for statistical significance 
of the individual subject's response to detergent treat-
ment, Wilcoxon's Signed Ranks Test [15, 16] was 
applied to enumerations of wash fluids obtained from his 
toe webs during the course of the study . Since the 
majority of data obtained did not follow normal distribu-
tions, this nonparametric method was employed. 
RESULTS 
Effects of Control Detergent on Cutaneous Bac-
teria of Toe Webs 
Figure 1 shows the changes in densities and 
distributions of both coagulase-negative and coag-
ulase-positive staphylococci which occurred with 
use of the control detergent. All samples yielded 
coagulase-negative staphylococci on all three sam-
pling days. The incidence of coagulase-positive 
staphylococci rose slightly; they were found in 10 
percent of the pretreatment samples, 17.2 percent 
of samples following one week of treatment, and in 
16.7 percent of samples following two weeks of 
treatment with the control detergent. 
Aerobic diphtheroids were enumerated and lo-
garithms of individual counts were plotted in 
Figure 2. No attempt was made to separate 
lipophilic from non-lipophilic strains. 
Gram-negative bacilli, regardless of genus, were 
grouped together and their numbers plotted loga-
rithmically (Fig. 3) . The decrease in densities of; 
these organisms is evident from the lowered loga-
rithmic means. The genera recovered are listed in 
Table I. Some of these organisms were found in 
mixed populations, thus accounting for the 
greater number of individual isolations than is 
indicated by the total num her of positive samples. 
The Gram-negative group showing the greatest 
change was that of Enterobacter-Klebsiella which 
declined in incidence upon detergent usage . Spe-
cies of Pseudomonas, which increased in incidence 
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ECOLOGICAL INFLUENCE OF HEXACHLOROPHENE 209 
7 
0 6 
::> 
...J 
LL 
:r 5 
(I) 
<t 
~ 
...J 4 
::::!: 
' 1-
z 6 3 
(.) 
w 
...J ([) 2 
<t 
> 
0 
c5 
0 
...J 
0 
I 
• 
••• 
• • 
... • 
• 
• • 
•• • 
a!~ ~ 
I I .., 
.... _ 
• 
---
• • • • 
• 
• 
.. 
··-
0 I 
TIME (WEEKS) 
• • •• 
• 
• 
• 
.:,. 
.:. 
• ... 
• 
-~ 
···" 
2 
FIG. 2. Distribution of diphtheroids during control 
detergent regimen . See legend , Fig. l. 
after one week, declined to approximately the 
pretreatment level of occurrence after two weeks . 
Although decreased occurrences were observed 
among other Gram-negative genera during the 
study, none was striking. 
Bacteria which were isolated but did not fall 
into any of the previously described major bacte-
rial groups were lumped together as miscellaneous 
bacteria. Among subjects using the control deter-
gent, miscellaneous bacteria were only minor 
contributors to total bacterial densities. Sarcina 
was isolated from the feet of one individual 
throughout this series. It constituted 11 percent of 
the total bacterial population of each foot at the 
beginning of the study, 7 percent one week later, 
and 22 percent after two weeks . In addition, one 
sample from this individual yielded Gaffkya after 
one week; this organism was not isolated from any 
of his samples at other times. No miscellaneous 
bacteria were recovered from any other subjects 
during this phase of the investigation. 
Total aerobic bacterial enumerations of each toe 
web area were composites of the enumerations of 
staphylococci, diphtheroids, Gram-negative ba-
cili, and miscellaneous bacteria. Figure 4 illus-
trates the total numbers of bacteria per milliliter 
of wash fluid obtained from each foot during the 
control detergent regimen . Changes in estima-
tions of total flora were largely resultant from fluc-
tuations in staphylococci and diphtheroids since 
these groups of microorganisms were the major 
contributors to the aerobic bacterial skin popula-
tions . 
Statistical evaluation. Although mean loga-
rithmic counts were convenient for visually com-
paring groups of data, it was important to deter-
mine statistically the significance of changes in 
flora occurring in the subjects. When Wilcoxon's 
Signed Ranks Test was applied to matched pairs 
of bacterial densities obtained from individuals on 
the three sampling days, many of the observed 
changes proved to be nonsignificant as shown in 
Table II . In this table the algebraic sum of the 
signed ranks (see table footnote in relation to sign) 
is included to give an indication of the relative 
magnitude of changes taking place. Staphylococ-
cal densities, which increased significantly during 
the first week of control detergent regimen, de-
clined somewhat during the second week of treat-
ment resulting in an overall nonsignificant in-
crease for the study period . Diphtheroids showed 
nonsignificant but additive decreases during each 
week of the series to give a net decrease which was 
highly significant. Gram-negative bacilli and total 
bacteria did not change significantly during the 
investigation. 
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FIG . 3. Distribution of Gram -negative bacilli "during 
control detergent regimen. See legend, Fig. l. 
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Effects of Hexachlorophene on Cutaneous Bac-
teria of Toe Webs 
Figure 5 shows the shifts in distributions of total 
skin staphylococci which occurred with the exag-
gerated use of hexachlorophene. There was a 
marked decline in densities and mean logarithmic 
counts during the first week, followed by a rise 
during the second week. The incidence of coagu-
lase-negative staphylococci fell from the pretreat-
TABLE I 
Effect of control detergent on genera* of Gram-negatiue 
bacilli on toe webs 
After one After two 
Pretreatment week of weeks of 
treatment treatment 
Total number 30 29 30 
of samples 
Number of posi- 20 (66.7%) 16 (55.2%) 14 (46.7%) 
tive samples 
(percent of 
total) 
Genus isolated Number of positive samples (percent of total) 
Aeromonas 2 (6.7%) 4 (13.8%) 3 (10%) 
Alcaligenes 1 (3 .3%) 1 (3.4%) 1 (3.3%) 
Enterobacter- 9 (30%) 2 (6.9%) 3 (10%) 
Klebsiella 
Escherichia 1 (3 .3%) 0 0 
Herellea 2 (6.7%) 1 (3.4%) 0 
Mima 4 (13.3%) 2 (6.9%) 2 (6.7%) 
Proteus 0 1 (3.4%) 0 
Pseudomonas 6 (20%) 9 (31 %) 7 (23.3%) 
Serratia 2 (6.7%) 0 0 
* Some were found in mixed populations . 
ment level of 100 percent to 89.6 percent of all 
samples after one week, but rose to the 100 percent 
level again after two weeks. Coagulase-positive 
staphylococci were isolated from 16.7 percent of 
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FtG . 4. Distribution of tota l aerobic bacteria during 
control detergent regimen. See legend , Fig. 1. 
TABLE II 
Results of Wilcoxon's Signed Ranks Test of significance on matched pairs of bacterial densities 
Pretreatment count vs. One week count vs. 
one-week count two-week count 
Bacterial group Algebraic Algebraic 
No. sum of p No. sum of p pairs signed pairs signed 
ranks* ranks 
Control Detergent Regimen 
Staphylococci 29 -301 <0.01 29 +54 NSt 
Diphtheroids 29 +91 NS 29 +175 NS 
Gram-negatives 29 + 52 NS 29 + 158 NS 
Total aerobes 29 -Ill NS 29 +128 NS 
Hexachlorophene Regimen 
Staphylococci 29 +335 <0.01 27 - 38 NS 
Diphtheroids 29 +435 <0.01 27 + 144 NS 
Gram-negatives 29 -299 < 0.01 27 +34 NS 
Total aerobes 29 + 301 < 0.01 27 +224 <0.01 
• Plus sign indicates decreased count; minus sign indicates increased count. 
t NS ~ not significant . 
Pretreatment count vs. 
two-week count 
Algebraic 
No. sum of p 
pairs signed 
ranks 
30 - 166 NS 
30 +323 <0.01 
30 +177 NS 
30 -93 NS 
28 +336 <0.01 
28 + 406 < 0.01 
28 - 328 <0.01 
28 + 370 < 0.01 
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Ftc . 5. Distribution of total staphylococci during 
hexachlorophene regimen . See legend, Fig. 1. 
the samples at the beginning of the study, from 3.5 
percent of them after one week, and from none 
after two weeks. 
As shown in Figure 6, the large densities of 
diphtheroids which were initially present had 
diminished greatly by the end of the first week 
and a further drop in them had taken place by the 
end of the second week of hexachlorophene usage. 
The number of samples containing diphtheroids 
fell from 100 percent at the beginning of the study 
to 69 percent after one week and 60.7 percent after 
two weeks. The greater number of samples having 
no diphtheroids as the experiment progressed is 
further evidence of the elimination of these orga-
nisms from the cutaneous flora. 
Gram-negative bacilli increased both in inci-
dence and densities following use of hexachloro-
phene for one week (Fig. 7). After the second week 
of usage there was an additional rise in the 
'number of positive samples although the mean 
logarithmic count for all samples was slightly 
lower than was seen after one week of the regimen. 
Table III shows that the increased occurrence of 
Gram-negative bacilli was due primarily to the 
more frequent isolation of Enterobacter-Klebsiella 
and Pseudomonas species. 
Miscellaneous bacteria played a minor role in 
the bacterial composition of this group of subjects 
as well as in the control subjects . Sarcina was 
isolated from two samples prior to beginning 
treatment with hexachlorophene , from one sample 
after one week, and from none after two weeks of 
treatment. Gaffkya was seen only once and it 
occurred in a sample taken following the first week 
of the study. Following two weeks of hexachloro-
phene usage the only miscellaneous bacteria 
found were streptococci, which were isolated from 
three samples: gamma hemolytic from two and 
beta hemolytic from one. The appearance of 
streptococci was unexpected in view of the known 
action of hexachlorophene on Gram-positive or-
ganisms, although Sarkany and Arnold [5] noted a 
lack of effect of hexachlorophene against strep-
tococci present on the skin of newborns . 
Figure 8 shows that the total bacteria decreased 
in numbers during each week of the series. This 
total decrease was attributed to the combined 
decline of staphylococci and diphtheroids. In six 
samples, the Gram-positive flora was either com-
pletely or almost completely replaced by a Gram-
negative flora after one week. This trend was 
reversed, however, by the end of the second week 
when staphylococci once again became the pre-
dominent flora on all subjects . 
Statistical evaluation. When matched pairs of 
counts from individual subjects were tested by 
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Wilcoxon 's Signed Ranks Test it was seen that 
significant changes had taken place in all major 
groups of aerobic bacteria during the first week of 
hexachlorophene usage (Table II). There were 
significantly decreased densities of staphylococci, 
diphtheroids, and total bacteria and significantly 
increased densities of Gram-negative bacilli. Dur-
ing the second week of the regimen the only 
significant change was in total bacteria, which 
again declined. The net overall result of using 
hexachlorophene exaggeratedly for two weeks was 
the significant decline in staphylococci, diph-
theroids, and total bacteria, with a significant 
increase in densities of Gram-negative bacilli . 
DISCUSSION 
It has been confirmed by this study that fre-
quent use of large amounts of hexachlorophene 
greatly reduces the numbers of staphylococci 
found on normal skin . In contrast, the use of 
detergent alone produced somewhat increased 
numbers of these organisms. When a detergent is 
used frequently and applied as a lotion to the skin, 
as in this study, the skin becomes more hydrated 
and this increased moisture content is perhaps 
conducive to more luxurious growth of bacteria. 
With the use of a hexachlorophene-containing 
detergent, however, the higher moisture content 
produced is a less important factor than is the 
activity of the compound against Gram-positive 
organisms and the new result is a substantial 
decrease in these organisms initially. Coagulase-
positive staphylococci seemed particularly vulner-
able to this compound and were eliminated from 
the skin of those subjects using hexachlorophene. 
They continued to be seen on the skin of those 
using the detergent without hexachlorophene, al-
beit in low frequencies . 
Diphtheroids, the other major group of Gram-
positive organisms found indigenously on skin, 
were also greatly reduced in number and in 
incidence with the use of hexachlorophene: This 
result was expected. However, these organisms ' 
were also reduced in number and incidence on the 
skin of the control subjects, although the reduc-
tions were not as drastic as those found in the 
hexachlorophene group. A possible explanation 
for this finding may lie with the regimen employed 
in the study. Although both detergents contain 
lipid materials, these lipids are probably not in a 
form that can be utilized by lipophilic diph-
theroids for their growth. Frequent washing with 
any detergent undoubtedly depletes the normal 
skin lipids. Such a depletion of skin lipids was 
suggested by the appearance of cracked skin on 
some of the subjects during both detergent regi-
mens; one subject was forced to withdraw from the 
hexachlorophene series because of this. With per-
haps less substrate present for growth, these 
lipid-dependent diphtheroids diminished in num-
bers on the skin of both groups of subjects. Thus, 
diphtheroids decreased in numbers on both the 
TABLE rii 
Effect of hexachlorophene on genera* of Gram-negative 
bacilli on toe webs 
After one After two 
Pretreatment week of weeks of 
treatment treatment 
Total number of 30 29 28 
samples 
Number of positive 12 (40%) 22 (75.9%) 25 (89.3%) 
samples (percent 
of total) 
Genus isolated Number of positive samples (percent of total) 
Achromobacter 0 3 (10.3%) 0 
Aeromonas 2 (6.7%) 0 0 
Alcaligenes 3 (10%) 0 1 (3.6%) 
Enterobacter- 2 (6.7%) 15 (52.7%) 16 (57.1%) 
Klebsiella 
Escherichia 3 (10%) 3 (10.3%) 5(17.8%) 
Herellea 1 (3.3%) 1 (3.4%) 3 (10.7%) 
Mima 2 (6.7%) 0 1 (3.6%) 
Pseudomonas 0 0 10 (35.7%) 
• Many were found in mixed populations. 
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test and control groups of subjects, but the added 
activity of hexachlorophene resulted in greater 
reductions among the test group. 
Gram-negative bacilli increased both in inci-
dence and numbers during the hexachlorophene 
series, but decreased slightly in incidence and 
numbers during control detergent usage. These 
trends had an inverse relationship to the changes 
seen in coagulase-negative staphylococci, the pre-
dominent strains of staphylococci isolated 
throughout the study. As staphylococci decreased 
in numbers, Gram-negatives increased, and as 
staphylococci increased, Gram-negatives de-
creased. This inverse relationship seems to point 
indirectly to bacterial interference between coagu-
lase-negative staphylococci and Gram-negative 
bacilli, particularly those of the Enterobacter-
Klebsiella and Pseudomonas species. Light et al 
[17) noted a similar relationship between Staphyl-
ococcus aureus and Pseudomonas in newborn in-
fants bathed with hexachlorophene. In the present 
investigation diphtheroids showed decreases 
throughout both regimens and it seems unlikely 
that there is a correlation between diphtheroids 
and Gram-negative bacilli. 
It was anticipated that increased moisture con-
tent of the skin during the detergent regimens 
would tend to encourage the growth of Gram-
negatives. Although moisture is undoubtedly 
necessary for the survival of these organisms, it 
cannot be the only important factor in increasing 
the number of Gram-negatives observed in the 
test group since the control group of subjects was 
exposed to the same conditions of higher moisture 
and they demonstrated decreases in Gram-nega-
tive bacteria. Other altered properties of the skin 
cap be eliminated in similar fashion as causative 
factors in increasing Gram-negatives. The possi-
bility, of course, exists that hexachlorophene itself 
may contribute to improving growth of Gram-
negative bacilli. 
Miscellaneous Gram-positive bacteria were mi-
nor -components of the flora in both groups and 
could not have produced the p~ofound effects seen 
here. It would seem more likely that changes such 
as the appearance of streptococci during the last 
week of hexachlorophene usage were resultant 
from an inbalance in autochthonous bacteria. 
There are immediate practical applications of 
the observed phenomenon of Gram-negative 
emergence on skin exposed frequently to hexa-
chlorophene. Burn patients, particularly suscepti-
ble to Pseudomonas, often become infected with 
'other Gram-negative bacilli; in a study by Davis 
et al [ 18], those most often isolated from burns 
(excluding Pseudomonas) were Proteus mirabilis, 
Escherichia coli, Enterobacter species, and 
Klebsiella species. Frequent exposure to hexa-
chlorophene could increase the risk of burn pa-
tients to Gram-negative infections. In the investi-
gation reported here, the subjects using hexa-
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F1c. 8. Distribution of total aerobic bacteria during 
hexachlorophene regimen. See legend , Fig. l. 
chlorophene showed an increased skin carriage of 
Pseudomonas and Enterobacter-Klebsiella, some 
of the organisms found with greatest frequency in 
burn wounds. Even though hexachlorophene is 
inactivated by serum and would not be expected 
to encourage the emergence of Gram-negative 
bacilli on a burned skin area with its serous 
exudate , the compound could encourage Gram-
negative emergence on intact moist skin areas and 
these organisms could then be expected to spread 
readily to the burned areas. 
It is possible that individuals who use aerosol 
sprays containing hexachlorophene are increasing 
their risk to colonization by Gram-negative ba-
cilli. These sprays leave residues of high hexa-
chlorophene concentrations on the skin after the 
volatile substances have evaporated. For example, 
it has been shown that a vaginal deodorant spray 
contained 0.24 percent hexachlorophene in the 
bulk spary, but 98.5 percent in the residue left on 
the skin [19]. Consequently, the use of such aero-
sols on certain body surfaces could provide two 
conditions conductive to luxurious growth of 
Gram-negative bacilli: a moist environment in the 
area of application and a high hexachlorophene 
concentration. 
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